In this paper influence of greenhouses' structure was estimated for four different double plastic covered greenhouses in winter lettuce production. Plastic coverings are introduced as mean of making this kind of plant production more efficient. Also, as a mean of lowering energy consumption, the tunnel structures are proposed. Four different double plastic covered greenhouses were used for energy analysis. Two tunnel types, 9 x 58m and 8 x 25m covered with double PE folia, and two gutter connected plastic covered greenhouses. One greenhouse is 2 x 7 m wide and 39 m long and the other 20 x 6.4 m wide and 42 m long. Results have shown the lowest energy consumption for gutter connected greenhouses. Energy out/in ratio was also higher in gutter connected greenhouse. Highest energy consumption was obtained in tunnel greenhouse 8 x 25m.
Introduction
Plant production in greenhouses is one of the most intensive parts of agricultural production. It is intensive in production per surface area and in the whole annual production, but also in the sense of energy consumption, labor, costs and investments. Various greenhouses' structures and coverings are offered to producers in order to reduce costs and save energy. The biggest problem is in winter production when additional heating and light are necessary. In that period construction and covering characteristics perform all their qualities.
The aim of this paper is estimation of greenhouses' energy consumption and energy efficiency for winter lettuce production regarding energy input and obtained energy output in Serbian region.
Material and Method
Influence of greenhouse's structure was estimated for four different double plastic covered greenhouses. Two tunnel types, 9 x 58 m and 8 x 25 m covered with double 180 m PE UV IR folia ( fig. 1) The experiment was carried out at private property near Novi Sad (Serbia) on 19°51 altitude and 45°20N latitude with 84 m above see level. Lettuce greenhouse production was estimated regarding energy consumption and energy productivity for the period of autumn -winter 2003/04. The method used [2] is based on energy input analysis (definition of direct and indirect energy inputs), energy consumption for given plant production and energy efficiency. On the basis of lettuce production output (kg of lettuce) and energy input, energy input/kg of product, energy out/in ratio and energy productivity were estimated as follows:
Energy input/kg of product (EI) =
Energy out/in ration (ER) = (2) Energy productivity (EP) =
Statistical analysis included linear regression model. The parameter that described construction was greenhouse volume per one meter of its length [m 3 / m] which adequately gives the difference in tunnel and multi-span greenhouse structures.
Results and Discussion
Lettuce was produced on white / black mulch folia with 25 m thicknesses that was 2 m wide and already have had openings for the lettuce planting. 20 plants were planted on 1 m 2 . In table 1 direct energy input (energy for heating and fuel for technical systems) and indirect energy inputs (fertilizers, plant protection chemicals, water for irrigation, human labor, usage of technical systems and boxes for lettuce packaging) are presented. Results have shown that specific energy input was higher in single tunnel greenhouses than in gutter connected structures. This is in accordance with literature [1, 4] which states that the reason for this is ratio between production area and roof and wall area. In the cases of gutter-connected and multi-span greenhouses this ratio is relatively big comparing to single greenhouses. Smaller greenhouse's area also means smaller transfer of heat through the walls which means lower energy consumption for heating. 
Tab. 1 Direct and indirect energy inputs for greenhouses

Direct and indirect energy input [MJ]
Tab. 2 Lettuce yield and energy output in greenhouses
The highest energy output was obtained in gutter-connected greenhouse and the lowest in the smallest tunnel. The reasons for this are more uniform microclimatic conditions and lower percentage of damage caused by the nearness of the covering material. Comparison of varieties of single greenhouse tunnels showed higher energy output in larger tunnels.
Energy analysis
Based on measured energy inputs and energy output the parameters for energy analysis are estimated (table 3) . It can be seen ( fig. 5 ) that gutter connected greenhouse had lowest specific energy consumption and that highest value was calculated for tunnel 8 x 25 m. This is in accordance with data from literature [5] . 
Tab. 3 Parameters for energy analysis
However, lower energy input and higher energy output caused the highest energy efficiency in the case of gutter connected greenhouses ( fig. 6 ). Tunnel 8 x 25 m was estimated as greenhouse with lowest energy efficiency. Concerning energy productivity ( fig. 7 ) the gutter connected greenhouse showed the highest values. Reasons are great energy output end the lowest specific energy input.
Tu nnel 9 x 58
Tunnel 8 x 25 Gutt . con cect . 14 x 39 Mul ti-span 128x42 Linear regression models have shown that greenhouse structure had no significant influence on energy input, energy efficiency and productivity.
Value for energy efficiency varies from 0.47 up to 0.68 and shows that region of Serbia is suitable for production in greenhouses.
